EP 2 261 124 B1

(19)

(12)

(45)

(21)

(22)

Patent Office

Europdisches
Patentamt
0’ European

Office européen
des brevets (11) EP 2 261 124 B1
EUROPEAN PATENT SPECIFICATION
Date of publication and mention (51) IntCl.:
of the grant of the patent: B65D 1/00 (2006.07) B32B 1/02 (2006.07)
28.03.2018 Bulletin 2018/13 B65D 65/40 (20060
Application number: 09729109.0 (86) International application number:
PCT/JP2009/053192
Date of filing: 23.02.2009

(87) International publication number:
WO 2009/122820 (08.10.2009 Gazette 2009/41)

(54)

CONTAINER MADE OF SYNTHETIC RESIN HAVING EXCELLENT BARRIER PROPERTIES
BEHALTER AUS KUNSTHARZ MIT HERVORRAGENDEN SPERREIGENSCHAFTEN

CONTENANT REALISE EN RESINE SYNTHETIQUE AYANT D’EXCELLENTES PROPRIETES DE
BARRIERE

(84)

(30)

(43)

(73)

(72)

Designated Contracting States: (74) Representative: Gray, James et al
AT BE BG CHCY CZDE DKEE ES FIFR GB GR Withers & Rogers LLP
HRHUIEISITLILT LU LV MC MK MT NL NO PL 4 More London Riverside
PT RO SE SI SKTR London SE1 2AU (GB)
Priority: 31.03.2008 JP 2008093490 (56) References cited:
EP-A1- 1 475 308 EP-A1- 1974 901
Date of publication of application: WO-A1-2009/032596 JP-A-9 095 532
15.12.2010 Bulletin 2010/50 JP-A- 11 049 941 JP-A- 2009 035 286
JP-B2- 7 005 831 US-A- 5175 238
Proprietor: Yoshino Kogyosho Co., Ltd. US-A1- 2005 009 976 US-B1- 6 410 156

Tokyo 136-8531 (JP)
¢ Amparo Lopez-Rubio ET AL: "Unexpected partial

Inventors: crystallization of an amorphous polyamide as
SUGAI, Masahiro induced by combined temperature and
Isehara-shi humidity", Journal of Applied Polymer Science,
Kanagawa 259-1103 (JP) vol.102,n0.2,1 January 2006 (2006-01-01), pages
SHIMURA, Hiromi 1516-1523, XP055224455, US ISSN: 0021-8995,
Isehara-shi DOI: 10.1002/app.24430

Kanagawa 259-1103 (JP)
SUZUKI, Masato
Isehara-shi

Kanagawa 259-1103 (JP)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2 261 124 B1
Description

TECHNICAL FIELD

[0001] The present invention relates to a synthetic resin container with high barrier properties, which container com-
prises a base layer composed of a synthetic resin and a barrier layer with lower gas permeability than that of the base
layers.

RELATED ART

[0002] It is known that a synthetic resin container such as a PET (polyethylene terephthalate) bottle allows a small
amount of oxygen, carbon dioxide and the like to permeate it. In order to prevent the permeation, a PET bottle with base
layers composed of PET resin and a gas barrier layer laminated thereon is suggested (See JP2007-8582 A.).

[0003] WO2009/032596A1, JP2009035286A, EP1974901A1, US5175283A, EP1475308A1, US6410156B1,
US2005/009976A1 describe various materials usable for making bottles.

DISCLOSURE OF THE INVENTION

[0004] However, in producing such a container in the blow molding method, white opacity may be generated in a non-
stretched part of the blow molding product, for example, a neck part of a bottle, if the product is stored for a long period
of time. The white opacity may cause bad appearance of the container even though the intrinsic properties of the container
are not suffered.

[0005] In this respect, the inventor of the present application has found out that the white opacity is caused in the gas
barrier layer. If polyamide MXD6 (product of Mitsubishi Gas Chemical Company, Inc.), which is obtained by condensation
polymerization of meta-xylene diamine and adipic acid, is used, the white opacity is caused by crystallization of MXD6.
Itis considered that the crystallization of MXD6 is enhanced by decrease in glass transition temperature and crystallization
temperature caused by increase in moisture content of MXD6.

[0006] Therefore, the inventor of the present application has recognized that the generation of the white opacity in the
non-stretched part may be suppressed by increasing crystallization temperature of at least the gas barrier layer.
[0007] Document 1: JP2007-8582 A

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] Thus, the problem to be solved by the invention is the white opacity which may be generated in a non-stretched
part of the blow molding product

when the synthetic resin container is produced in the blow molding method and stored for a long period of time. The
invention aims to provide a synthetic resin container with high barrier properties, in which white opacity is not generated
in the non-stretched part in spite of a long-term storage of the product.

MEANS TO SOLVE THE PROBLEMS

[0009] According to the invention, a synthetic resin container with high barrier properties, according to independent
claim 1 is provided.

[0010] "Peak crystallization temperature" as used herein means a temperature calculated based on the properties of
calorific value due to the crystallization measured by means of differential scanning calorimeter (DSC). In the present
invention, peak crystallization temperature is obtained after heating from 20 °C to 270 °C at a rate of temperature rise
of 10 °C/min and maintaining the heated state for five minutes, and then, once icing to 20 °C and again heating from 20
°C to 270 °C at a rate of temperature rise of 10 °C/min.

[0011] A more preferable range of peak crystallization temperature is 150 °C or more and 170 °C or less.

[0012] The barrier layer according to the invention contains an amorphous polyamide having meta-xylene isophtha-
lamide structure and hexamethylene isophthalamide structure, and the content rate of the amorphous polyamide in the
barrier layer is 15 weight percentage or more and 25 weight percentage or less.

[0013] In an exemplary embodiment, the barrier layer may be composed of the amorphous polyamide and a barrier
material with lower gas permeability than that of the base layer, the barrier material being polyamide containing meta-
xylene group. The polyamide containing meta-xylene group may be polyamide obtained by condensation polymerization
of meta-xylene diamine and adipic acid.

[0014] The amorphous polyamide may include a copolyamide (MXDI/6l) of a copolymer of meta-xylene diamine and
isophthalic acid (MXDI: poly meta-xylene isophthalamide) and a copolymer of hexamethylene diamine and isophthalic
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acid (6l: poly hexamethylene isophthalamide). The base layer may be composed of polyethylene terephthalate.
[0015] According to the invention, a synthetic resin whose peak crystallization temperature is obtained after heating
from 20 °C to 270 °C at a rate of temperature rise of 10 °C/min and maintaining the heated state for five minutes, and
then, once icing to 20 °C and again heating from 20 °C to 270 °C at a rate of temperature rise of 10 °C/min, is used to
suppress the white opacity at the non-stretched part.

[0016] Thatis, according to the present invention, gas barrier properties can be maintained over a long period of time
without deteriorating good appearance. Therefore, according to the invention, a synthetic resin container with high barrier
properties can be provided, in which white opacity is hardly generated even after the container is stored for a long period
of time.

[0017] Theinvention employs, as the barrier layer, the synthetic resin which contains the amorphous polyamide having
meta-xylene isophthalamide structure and hexamethylene isophthalamide structure and which has the content rate of
the amorphous polyamide in the barrier layer of 15 weight percentage or more and 25 weight percentage or less to
realize an effective prevention of white opacity in an easy way.

[0018] Moreover, when the barrier layer is composed of the amorphous polyamide and a barrier material with lower
gas permeability than that of the base layer, the white opacity can be effectively prevented by using polyamide containing
meta-xylene group as the barrier material.

[0019] Furthermore, white opacity can be further effectively prevented if the copolyamide of a copolymer of meta-
xylene diamine and isophthalic acid (MXDI) and a copolymer of hexamethylene diamine and isophthalic acid (6l) is used
as the amorphous polyamide according to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a partially cut-away side view of a PET bottle 1 according to the present invention.

REFERENCE NUMERALS

[0021]

PET bottle
mouth
neck
shoulder
barrel
bottom

1 base layers

2 gas barrier layer

= 2 OO0~ ON -

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] An embodiment of the present invention will be now described with reference to the accompanying drawing.
[0023] FIG. 1is a partially cut-away side view of a PET bottle 1 according to the present invention.

[0024] The reference numeral 1 denotes a blow molding bottle (hereinafter simply referred to as "bottle"). The bottle
has mouth 2, neck 3, shoulder 4, barrel 5 and bottom 6. The bottle 1 is a laminated body comprising inner and outer
base layers 11 having forming the basic shape of the bottle body and a gas barrier layer 12 disposed between the base
layers 11.

[0025] The base layers 11 are composed of a synthetic resin whose main component is polyethylene terephthalate
resin (hereinafter referred to as "PET resin".

[0026] Used as the gas barrier layer 12 is a synthetic resin which has the peak crystallization temperature Tpc of 150
°C or more and 170°C or less after a first process (hereinafter referred to as "1st_Run") in which the synthetic resin is
heated from 20 °C to 270 °C at a rate of temperature rise of 10 °C/min and then allowed at the heated state for a five
minutes, and a second process (hereinafter referred to as "2nd_Run") in which the synthetic resin is once cooled to 20
°C with ice and again heated from 20 °C to 270 °C at a rate of temperature rise of 10 °C/min.

[0027] In an exemplary embodiment, used is a gas barrier layer which contains a barrier material with lower gas
permeability than that of the base layers 11 as a main component and the amorphous polyamide having meta-xylene
isophthalamide structure and hexamethylene isophthalamide structure (hereinafter referred to as "amorphous polya-
mide").

[0028] Furthermore, polyamide containing meta-xylene group such as a copolymer of meta-xylene diamine and adipic
acid may be recited as the barrier material by way of example.
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[0029] As amorphous polyamides, a copolymer of meta-xylene diamine and isophthalic acid (MXDI) and a copolymer
of hexamethylene diamine and isophthalic acid (61) may be recited by way of example.

[0030] The content rate of the amorphous polyamide in the barrier layer 12 is in the range of 15 weight percentage or
more and 25 weight percentage or less. Accordingly, mixing rate (weight ratio) of barrier material and the amorphous
polyamide is 85:15 to 75:25.

[0031] According to the invention, a synthetic resin having the peak crystallization temperature Tpc of 150 °C or more
and 170 °C or less after 2nd_Run is used as the gas barrier layer 12 to suppress white opacity at the neck 3 which is
the non-stretched part even after the blow molding product is stored for a long period of time.

[0032] In this way, the bottle 1 can maintain good gas barrier properties over a long period of time without deteriorating
its appearance. Thus, according to the invention, it is possible to provide a synthetic resin container with high barrier
properties which suppresses white opacity even after the container is stored for a long period of time.

[0033] Specifically, the embodiment employs, as the barrier layer 12, the synthetic resin which contains the amorphous
polyamide having meta-xylene isophthalamide structure and hexamethylene isophthalamide structure and which has
the content rate of the amorphous polyamide in the barrier layer 12 of 15 weight percentage or more and 25 weight
percentage or less to realize an effective prevention of the white opacity in an easy way.

[0034] In addition, as with the embodiment, when the barrier layer 12 is composed of the amorphous polyamide and
a barrier material with lower gas permeability than that of the base layers 11 (PET resin in this embodiment), the white
opacity can be effectively prevented by using polyamide containing meta-xylene group.

[0035] Furthermore, white opacity can be further effectively prevented if a copolyamide of a copolymer of meta-xylene
diamine and isophthalic acid (MXDI) and a copolymer of hexamethylene diamine and isophthalic acid (6l) is used as
the amorphous polyamide according to the invention.

[0036] Itis noted that configuration of the layers according to the invention is not limited to that of the aforementioned
embodiment and at least two layers, that is a base layer 11 and a gas barrier layer 12 may be included. According to
the invention, bottle 1 can be shaped with the gas barrier layer 12 alone.

EXAMPLES

[0037] Now, evaluation of the embodiments of the present invention and the comparative examples measured in a
method compliant with JIS K 7121 is shown.

[0038] Samples used in the evaluation are prepared as follows: firstly, the base layers 11 are removed from the bottle
1 shown in FIG. 1, which has the total weight of 32g and the capacity of 500ml, and then, a part of the gas barrier layer
12 of the neck 3, equal to the amount of 10 mg, is used as a test piece. The differential scanning calorimeter DSC6220
(manufactured by SIINT) is used as the measuring device.

[0039] The measured values in the following Table 1 to 3 show extrapolated crystallization temperature Tic, peak
crystallization temperature Tpc and extrapolated crystallization end temperature Tec, respectively, and the unit system
for additive amount is wt% (weight percentage).

[0040] Therespective measured values of Tables 1 to 3 are obtained after the test pieces are subjected to the "1st_Run"
for heating from 20 °C to 270 °C at a rate of temperature rise of 10 °C/min and then allowing at the heated state for a
five minutes, and then to the "2nd_Run" for once cooling to 20 °C with ice and again heating from 20 °C to 270 °C at a
rate of temperature rise of 10 °C/min.

[0041] The barrier layer of the non-stretched part of the mouth 2 is used as a sample in Table 1. The barrier layer of
the barrel 4, which is a stretched part, is used as a sample in Table 2.

Table 1
MXD6 Mixing rate HB FE7103 Tic (°C) Tpc Tec Temperature difference
(%) rate (%) C) C) (Tec-Tic)
Comparative 100 0 1326 | 1400 | 1454 128
Example 1
Comparative 90 10 1343 | 1401 | 1443 10.0
Example 2
Example 1 85 15 1466 | 1555 | 163.1 165
Example 2 80 20 1519 | 1607 | 1688 16.9
Example 3 75 25 1578 | 1671 | 176.0 182
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Table 2
MXD6 Mixing HB FE7103 Mixing Tic Tpc Tec Temperature difference
rate (%) rate (%) (°C) (°C) (°C) (Tec-Tic)
Comparative 100 0 1295 | 136.4 | 141.9 12.4
Example 1
Comparative 90 10 1333 | 138.7 | 1433 10.0
Example 2
Example 1 85 15 1454 | 153.7 | 160.9 15.5
Example 2 80 20 152.3 | 161.9 | 1711 18.8
Example 3 75 25 156.6 | 166.1 175.9 19.3
[0042] The sample in Comparative Example 1 is composed only of the barrier material of MXD6 (s0611 manufactured

by Mitsubishi Gas Chemical Company, Inc.). The sample in Comparative Example 2 is a mixture of MXD6 as the barrier
material and the amorphous polyamide (Grivory HB FE7103 manufactured by EMS Corp.) at the rate of 90:10.

[0043] The barrier material and the amorphous polyamide are used as a sample at the rate of 85:15, 80:20 and 75:25,
respectively in Examples 1 to 3.

[0044] Comparative Examples 1, 2 and Examples 1 to 3 are stored under the condition of 23 °C - 55 % RH, filled with
water, respectively. White opacity was generated on the neck 3 on the 46th day in the case of Comparative Example 1
and also on the 70th day in the case of Comparative Example 2, while white opacity is not generated in Examples 1 to
3 even after 3 months.

[0045] In comparison to this, Comparative Examples 1, 2 and Examples 1 to 3 are stored under the condition of 40
°C - 75 % RH, filled with water, respectively. White opacity on the neck 3 is generated on the 8th day and 11th day in
Comparative Examples 1 and 2, respectively. Similarly, white opacity on the neck 3 is generated on the 12th day, on
the 14th day, on the 14th day in Examples 1 to 3, respectively.

Table 3

23°C -55%RH

40°C -75%RH

Comparative Example 1

White opacity on the 46th day

White opacity on the 8th day

Comparative Example 2

White opacity on the 70th day

White opacity on the 11th day

Example 1 White opacity after 3 months | White opacity on the 12th day
Example 2 White opacity after 3 months | White opacity on the 14th day
Example 3 White opacity after 3 months | White opacity on the 14th day

[0046] Itis apparentfrom Tables 1to 3 thatthe more the temperature difference between the extrapolated crystallization
end temperature Tec and the extrapolated crystallization temperature Tic is, the less white opacity is generated.

[0047] The following Table 4 shows the measurement result of the midpoint glass transition temperature Tmg, the
peak crystallization temperature Tpc and the peak melting temperature Tpm with respect to 1st_Run and 2nd_Run.
Table 4
Tmg (°C) | Tpc (°C) | Tpm(°C)
1st_Run 49.3 114.2 238.2
Comparative Example 1
2nd_Run 84.0 140.1 237.3
1st_Run 51.7 108.3 235.7
Example 1
2nd_Run 91.3 155.3 234.5
1st_Run 53.5 123.6 2354
Example 2
2nd_Run 92.7 160.8 233.9
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(continued)

Tmg (°C) | Tpc (°C) | Tpm(°C)
1st_Run 53.6 129.6 233.5
2nd_Run 95.5 167.2 232.2

Example 3

[0048] Furthermore, Table 5 shows the DSC measurement result of the midpoint glass transition temperature Tmg,
the peak crystallization temperature Tpc and the peak melting temperature Tpm of a part of the test piece from the gas
barrier layer 12 of the neck 3 at about 2 % of water absorption rate. The water absorption rate is measured by Karl
Fischer Moisture Titrator MKC-610 at measurement temperature of 180 °C.

Table 5
Water Absorption Rate Tmg Tpc Tpm
2.0 1st_ Run | 46.4 | 114.0 | 237.8
Comparative Example 1

2nd_Run | 84.0 | 140.1 237.3
2.2 1st_Run 51.7 | 108.3 | 235.7

Example 1
2nd_Run | 91.3 | 155.3 | 234.5
2.0 1st_Run 52.6 | 1352 | 235.3

Example 2
2nd_Run | 92.7 | 160.8 | 233.9
1.8 1st_Run 534 | 1375 | 233.9

Example 3
2nd_Run | 955 | 167.2 | 232.2

[0049] It is apparent from the measurement result shown in Table 5 that the glass transition temperature and the
crystallization temperature decrease, as the absorption rate increases. Accordingly, generation of white opacity in the
non-stretched part causes the rise of crystallization temperature and it is apparent that the same applies to the glass
transition temperature.

INDUSTRIAL APPLICABILITY

[0050] The container according to the present invention is not limited to a bottle and can be applied for any containers
in various forms as far as they are to keep the quality of the content.

Claims

1. A synthetic resin container with high barrier properties: comprising a base layer composed of a polyethylene tereph-
thalate and a barrier layer with lower gas permeability than that of the base layer,
characterised in that the barrier layer is composed of synthetic resin with peak crystallization temperature of 150°C
or more, and
in that the barrier layer is a synthetic resin containing an amorphous polyamide having meta-xylene isophthalamide
structure and hexamethylene isophthalamide structure and the content rate of the amorphous polyamide in the
barrier layer is in the range of 15 weight percentage or more and 25 weight percentage or less, and
in that the peak crystallization temperature is obtained after heating from 20°C to 270°C at a rate of temperature
rise of 10°C/min and maintaining the heated state for five minutes, and then, once icing to 20°C and again heating
from 20°C to 270°C at a rate of temperature rise of 10°C/min.

2. The synthetic resin container according to claim1, characterised in that the barrier layer is composed of the
amorphous polyamide and a barrier material with lower gas permeability than that of the base layer, and the barrier
material is polyamide containing meta-xylene group.

3. The synthetic resin container according to claim 1 or 2, characterised in that the amorphous polyamide is a
copolyamide (MXDI/61) of a copolymer of meta-xylene diamine and isophthalic acid (MXDI) and a copolymer of
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hexamethylene diamine and isophthalic acid (6l).

Patentanspriiche

1.

Kunstharzbehalter mit guten Sperreigenschaften, eine aus Polyethylenterephthalat bestehende Grundschicht um-
fassend und eine Sperrschicht mit niedrigerer Gasdurchlassigkeit als der der Grundschicht,

dadurch gekennzeichnet, dass die Sperrschicht aus einem Kunstharz mit einer Spitzenkristallisationstemperatur
von 150°C oder hoher besteht, und

dadurch, dass die Grundschicht ein Kunstharz ist, das ein amorphes Polyamid mit Metaxylenisophthalamid-Struktur
und Hexamethylenisophthalamid-Struktur enthalt, und dass der Gehalt der Sperrschicht an amorphem Polyamid in
der GroRenordnung von 15 Gewichtsprozent oder mehr und 25 Gewichtsprozent oder weniger liegt, und
dadurch, dass die Spitzenkristallisationstemperatur nach Erhitzung von 20°C auf 270°C mit einer Temperaturerho-
hungsrate von 10°C/min und Halten im erhitzten Zustand fur finf Minuten, gefolgt von Abschrecken auf 20°C und
erneute Erhitzung von 20°C auf 270°C mit einer Temperaturerhdhungsrate von 10°C/min erreicht wird.

Kunstharzbehalter nach Patentanspruch 1, dadurch gekennzeichnet, dass die Sperrschicht aus dem amorphen
Polyamid und einem Sperrwerkstoff mit niedrigerer Gasdurchlassigkeit als der der Grundschicht, besteht, und der
Sperrwerkstoff Polyamid ist, das eine Metaxylen-Gruppe enthalt.

Kunstharzbehalter nach Patentanspruch 1 oder 2, dadurch gekennzeichnet, dass das amorphe Polyamid ein
Copolyamid (MXDI/61) aus einem Kopolymer von Metaxylendiamin und Isophthalsdure (MXDI) und einem Kopolymer
von Hexamethylendiamin und Isophthalsaure (6l) ist.

Revendications

Récipient en résine synthétique présentant des propriétés de barriere élevées : comprenant une couche de base
composeée d’un téréphtalate de polyéthyléne et une couche barriére présentant une perméabilité aux gaz inférieure
a celle de la couche de base,

caractérisé en ce que la couche barriere est composée d’'une résine synthétique ayant une température de cris-
tallisation maximale de 150 °C ou plus, et

en ce que la couche barriére est une résine synthétique contenant un polyamide amorphe présentant une structure
de type isophtalamide contenant du méta-xylene et une structure de type isophtalamide contenant de 'hexaméthy-
lene et le taux de contenu du polyamide amorphe dans la couche barriére est dans la plage de 15 pour cent en
poids ou plus et de 25 pour cent en poids ou moins, et

en ce que la température de cristallisation maximale est obtenue aprés chauffage de 20 °C a 270 °C a une vitesse
d’élévation de la température de 10 °C/min et maintien de I'état chauffé pendant cing minutes, et ensuite, refroidis-
sement a l'aide de glace une fois jusqu’a 20 °C et de nouveau chauffage de 20 °C a 270 °C a une vitesse d’élévation
de la température de 10 °C/min.

Récipient en résine synthétique selon la revendication 1, caractérisé en ce que la couche barriére est composée
du polyamide amorphe et d’'un matériau formant barriére présentant une permeéabilité aux gaz inférieure a celle de
la couche de base, et le matériau formant barriére est un polyamide contenant un groupe méta-xyléne.

Récipient en résine synthétique selon la revendication 1 ou 2, caractérisé en ce que le polyamide amorphe est un
copolyamide (MXDI/61) d’'un copolymére de méta-xyléne diamine et d’acide isophtalique (MXDI) et d’'un copolymére
d’hexaméthyléne diamine et d’acide isophtalique (6l).
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